Numerous investigations conducted in general population have reported that certain ABo blood group may increase the risk of coronary heart disease (CHD). However, this association has not been yet well established and even is less clear in diabetic patients. Considering that women with type 2 diabetes mellitus (T2DM) are at greater risk to develop CHD and have higher cardiovascular mortality, this study aimed to evaluate the association between CHD and ABO blood group in women with T2DM. A case control study of eight hundred eighty-one (881) diabetic women was enrolled in this study. Among them, two hundred thirty eight (238) patients were identified to have CHD (CHD+) and two hundred eighty two (282) of them were identified without CHD but matched with the first group for other CHD risk factors (CHD−). ABO blood type (A, B, AB, O, and Rhesus factor) for both groups were determined. To compare the magnitude of the correlation between various blood groups with CHD development, odd ratios (OR) with 95% confidence intervals (CI) was calculated. Our results demonstrates that the percentage of AB blood group was significantly higher in the diabetic women with concurrent CHD than in those without CHD [30 (12.7%) vs. 13 (4.6%), Odd ratio: 2.9 (95%CI: 1.5-5.7), P = 0.001]. The results of the present study clearly demonstrate that the AB blood group has a higher odd ratio for the development of CHD and can be considered as a risk factor for the development of CHD in females with T2DM. More comprehensive studies are required to confirm these results.
Numerous investigations conducted in general population have reported that certain ABo blood group may increase the risk of coronary heart disease (CHD). However, this association has not been yet well established and even is less clear in diabetic patients. Considering that women with type 2 diabetes mellitus (T2DM) are at greater risk to develop CHD and have higher cardiovascular mortality, this study aimed to evaluate the association between CHD and ABO blood group in women with T2DM. A case control study of eight hundred eighty-one (881) diabetic women was enrolled in this study. Among them, two hundred thirty eight (238) patients were identified to have CHD (CHD+) and two hundred eighty two (282) of them were identified without CHD but matched with the first group for other CHD risk factors (CHD−). ABO blood type (A, B, AB, O, and Rhesus factor) for both groups were determined. To compare the magnitude of the correlation between various blood groups with CHD development, odd ratios (OR) with 95% confidence intervals (CI) was calculated. Our results demonstrates that the percentage of AB blood group was significantly higher in the diabetic women with concurrent CHD than in those without CHD [30 (12.7%) vs. 13 (4.6%), Odd ratio: 2.9 (95%CI: 1.5-5.7), P = 0.001]. The results of the present study clearly demonstrate that the AB blood group has a higher odd ratio for the development of CHD and can be considered as a risk factor for the development of CHD in females with T2DM. More comprehensive studies are required to confirm these results.
Coronary heart disease (CHD) is more common among patients with type 2 diabetes mellitus (T2DM) 1, 2 . The male sex is considered an important risk factor for CHD in the general population, but studies on diabetic patients suggest that diabetic women have a higher risk of developing CHD 3, 4 . In addition, women with concomitant T2DM and CHD achieve LDL-C goals less than men do 5 . In fact, cardiovascular mortality is almost doubled in diabetic women compared to men 6 . There are several risk factors attributed to CHD such as hypertension, family history of CHD, obesity, cigarette smoking, older age, and lipid abnormalities 2, 7 . Some of the risk factors are shared between diabetes mellitus and CHD, which can potentiate comorbidity of these two non-communicable disorders. In addition, diabetes mellitus, itself, is a proven risk factor for CHD 8 . Given that CHD is the major cause of mortality in diabetic patients 9 , seeking for other probable risk factors to develop CHD in diabetic patients is of utmost importance.
Numerous investigations have reported that certain ABO blood group can increase people's susceptibility to some disorders, including cancers and infectious diseases [6] [7] [8] . Various investigations have also been conducted to determine the role of ABO blood group on CHD development. In some studies, conducted in the general population, non-O blood groups were identified as potential risk factor for the development of cardiovascular diseases. Moreover, CHD was less common among individuals with the O blood group [9] [10] [11] . In addition, some studies have reported a significant association between the A and B alleles and cardiovascular disease 11, 12 . Although higher prevalence rates of T2DM have been reported among individuals with certain blood groups 13 www.nature.com/scientificreports www.nature.com/scientificreports/ any research that specifically evaluates the role of ABO blood groups in the development of CHD in diabetic patients.
Due to the close comorbidity of T2DM and CHD, especially in female patients, this study was designed to evaluate, for the first time, the association between ABO blood groups and the development of CHD among diabetic women in Iran.
Methods
This case control study was conducted among women with T2DM living in the north of Iran in the Mazandaran province, city of Sari. Eight hundred and eighty-one (881) outpatient diabetic women referred to the academic diabetes clinic of 'Mazandaran University of Medical Sciences' , between March 2015 to January 2016. They were selected using the purposive sampling method. To diagnose T2DM, the American Diabetes Association criteria were employed. Additionally, individuals who were taking medications for their T2DM at the time were also enrolled in the study. The student research committee and ethics committee of 'Mazandaran University of medical sciences' approved the research protocol (code 94-277). The informed consent was obtained from all participants.
All enrolled subjects were evaluated for CHD. Diagnostic methods were based on the American College of Cardiology Foundation and the American Heart Association (ACCF/AHA) guidelines and regulations published and updated for the diagnosis and management of patients with stable ischemic heart disease (SIHD) in 2012 and 2014 14, 15 . Some patients had documented CHD: previous myocardial infarction, coronary artery bypass graft (CABG), coronary stent placement, balloon angioplasty, or just angiographically confirmed coronary artery disease. The patients without documented CHD were referred to a cardiologist for CHD evaluation. At first a functional study (exercise stress test or radionuclide myocardial perfusion imaging for patients who were unable to exercise) was conducted. If the functional study results were positive, coronary angiography was performed.
The case group included diabetic women with CHD (CHD+) and the control group (CHD−) included diabetic women who had negative exercise or nuclear stress tests and/or normal angiography results, but had matching CHD risk factors (age, duration of diabetes, lipid profile, blood pressure, body mass index and smoking), with the case group. Pregnant patients, and those who had liver disease of different etiologies, malignancies, or serum creatinine levels higher than 2 mg/dl, were excluded from this study.
The standard, slide agglutination technique was performed to determine the ABO blood group in both case and control subjects. statistical analysis. Normally distributed variables were presented as mean ± standard deviation (SD).
Independent t-test and chi-square tests were used to compare the quantitative and qualitative variables between the two groups, respectively. Odds ratios (OR) with 95% confidence intervals (CI) were used to compare the magnitudes of the correlations of the various blood groups with CHD development. P-values < 0.05 were deemed statistically significant.
Results
Characteristics of the study population. Of the 881 diabetic women enrolled in this study, 238 were confirmed to have CHD and were considered as the case group (CHD+). CHD evaluation was negative in other 643 subjects. Among those, 282 subjects were matched with the CHD+ group for other cardiac risk factors such as: age, body mass index (BMI), systolic and diastolic blood pressure (SBP, DBP), hemoglobin, lipid profile, thyroid stimulating hormone (TSH), duration of T2DM, glycosylated hemoglobin (HbA1c) and plasma creatinine levels. These patients were considered as the control group (CHD−) ( Table 1 ). The history of CHD in the first-degree relatives of the patients was not significantly different between the two groups (p = 0.871). The mean age and duration of diabetes in CHD+ and CHD− groups were 59.03 ± 9.19 vs 59.02 ± 9.35 years (p = 0.995) and www.nature.com/scientificreports www.nature.com/scientificreports/ 11.41 ± 7.27 vs 11.91 ± 5.92 years (p = 0.385) respectively. Fourteen patients (6.3%) in CHD+ group and sixteen patients (6.2%) in CHD− group were smokers (p = 0.961). None of the patients reported alcohol consumption. Thirty percent (30%) of patients in CHD+ group and 14.9% in CHD− group received insulin to control their blood glucose level (p = 0.729).
ABo blood types in the CHD+ and CHD− groups. Blood groups were determined using specific antibodies by agglutination method. The prevalence of blood group in the CHD+ and CHD− are shown in Fig. 1 .
Our results showed that the percentage of AB blood group was statistically higher in the diabetic women with concurrent CHD than in those without CHD (12.3 vs. 4.7%). The odds of CHD occurring in diabetic women with AB blood group, compared to the odds (OR) of the CHD occurring in diabetic women with non-AB blood groups was 2.9 (CI: 1.5-5.7) (P = 0.001). The results showed no significant differences in the percentage of the other blood groups between CHD+ and CHD−groups. The percentage of the non-O blood groups was higher in the patients with CHD, however this difference did not reach significance (65 vs. 58.2%, P = 0.104). The percentage of the A and B blood groups in the CHD+ and CHD− groups were (27.8 vs. 24.1%, P = 0.304) and (24.9 vs. 29.4%, P = 0.236) respectively. The Rhesus factor (RH) was positive in 219 (92.0%) of the cases and 263 (93.3%) of the controls (P = 0.705).
Association between AB blood group type and CHD risk factors. In order to determine the cause-association between the blood group and CHD, we compared other cardiac risk factors in CHD+ group between AB blood group and non-AB blood group (Table 2) . We found that the systolic blood pressure was slightly higher in the AB blood group but this difference was not statistically significant (P = 0.065).There were no statistical differences in any other risk factors between the two groups.
Discussion
Researchers have been trying to evaluate the association between ABO blood groups and various disorders for years; including studies to determine the association between ABO group and the development of CHD. However, there are currently no study on diabetic patients addressing the correlation between ABO blood groups and the development of CHD. The present study, to the best of our knowledge, is the first study that focuses on diabetic women and shows a correlation between AB blood group and the development of CHD.
Non-O blood groups have been introduced as a CHD risk factor, and it has been suggested that people with the non-O blood group have more serious coronary artery stenosis than those with O blood group 16 . www.nature.com/scientificreports www.nature.com/scientificreports/ In a prospective, five-year study conducted by Medalie and colleagues 17 , among 10,000 males, subjects with blood group A, B, and AB experienced higher rates of myocardial infarction than those with other blood groups. There is no consensus regarding the importance of non-O blood groups (A, B, or AB) in the risk of CHD development. Some researchers have suggested the A blood group to be a CHD risk factor 18, 19 , while others have suggested the B and AB blood groups to be risk factors 20, 21 . In addition, none of the above studies focused on diabetic patients and more specifically on diabetic women. In study conducted by Meade and colleagues 21 , among 1393 male subjects, the blood groups of subjects were determined, and they were followed for about 16 years. Similar to our study, they reported significantly higher incidences of CHD among the individuals with AB blood group than those with non-AB blood groups. In addition, a combined analysis of two large, prospective cohort studies The blood group antigens A, B, O have been introduced as a probable independent risk factor for CHD development 18, 23 . The association between ABO blood groups and CHD development can be explained through different mechanisms such as higher incidence of thrombotic events, higher systolic and diastolic blood pressure and/ or worse blood lipid profile.
In a cohort study, on the 64,686 blood donors aged ≥18 years in Quebec, thrombotic events were higher in subjects with blood group AB compared to blood group O, OR = 1.19 (95% CI: 1.01-1.40) 24 . They showed that the events were higher in women aged ≥40 years with A blood group. In the Framingham heart cohort study 25 , non-O blood groups, especially A blood group, were associated with CHD development. Various factors are considered for the development of thrombus in some blood groups.The higher levels or functional modifications of specific endothelial-derived glycoproteins (GPs), specific platelet GPs, and GPs from either source, and/or GPs from additional cells and tissues, might attribute to the increased risk of thrombosis associated with non-O blood groups 26 . Some investigators have reported that elevated plasma levels of Factor VIII and the Von Willebrand factor (VWF) are associated with the higher prevalence rate of thrombotic events 17 . In addition, several studies have demonstrated that patients with AB blood group have the highest levels of VWF, which is associated with thrombus formation 27 . Some other reports have shown that VWF levels are lower among patients with O blood www.nature.com/scientificreports www.nature.com/scientificreports/ group versus non-O groups 28 . Furthermore, another study has noted that the plasma half-life of VWF was significantly shorter in patients with the O blood group than the non-O groups 29 . Kesteloot and colleagues 30 reported patients with AB blood group to have higher systolic and diastolic blood pressure rates compared with non-AB individuals. Additionally, the role of systolic blood pressure in increasing the risk of CHD has been well documented by various other studies 31, 32 . Number of investigations has noted a positive association between high serum cholesterol levels and CHD in patients with non-O blood groups than those with O blood group 22, 33 . Biswas and colleagues evaluated the distribution of ABO blood groups in CHD patients in India, and reported that the risk of cardiovascular disease in AB blood group is higher than those with other groups 34 . They attributed this finding to a lower concentration of high-density lipoprotein cholesterol (HDL-c) in patients with the O blood group and a higher concentration in individuals with the AB blood group, respectively.
In our study, the systolic blood pressure was higher in the AB blood group type, although this difference was not statistically significant (P = 0.065). In addition, lipid profiles were also comparable between patients with AB and non-AB blood groups.
This discrepancy between our results in diabetic women and the aforementioned findings in general population could be explained by the intensive care given to the diabetic patients to control their lipid profile and blood pressure. They often take lipid lowering and/or antihypertensive drugs for some other comorbidity, such as albuminuria, in spite of their normal blood pressures or lipid profiles. One limitation of our study is the lack of data on plasma levels and half-life of VWF, which could provide a more clear association between AB blood group and CHD as mentioned in other studies 28, 35 .
To the best of our knowledge, this is the first case-control study in women with T2DM who evaluates the correlation between the risk of CHD development and various blood groups, in which all patients were matched for baseline and demographic variables.
In summary, our current study demonstrates an association between CHD development and AB blood group in women with T2DM. Therefore, we recommend considering AB blood group as another CHD risk factor in daily clinical practice.
More comprehensive studies are required to confirm the role of the AB blood group type in CHD in diabetic patients.
What is already known on this subject? While there are several studies on the effect of ABO blood group on coronary heart disease, to the best of our knowledge, this is the first study on T2DM women. Additionally, we went to great lengths to match coronary heart disease risk factors between our cases and controls.
What does this study add?
We found that the percentage of the AB blood group was significantly higher in T2DM women with concurrent CHD than in those without coronary heart disease.
